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A method of forming a light emitting diode (LED) includes providing a temporary growth substrate (30) that is selected for 
compatibility with fabricating LED layers (32, 34, 36 and 38) having desired mechanical characteristics. For example, lattice 
matching is an important consideration. LED layers are then grown on the temporary growth substrate. High crystal quality is 
thereby achieved, whereafter the temporary growth substrate can be removed. A second substrate (42) is bonded to the LED 
layers utilizing a wafer bonding technique. The second substrate is selected for optical properties, rather than mechanical 
properties. Preferably, the second substrate is optically transparent and electrically conductive and the wafer bonding technique is 
carried out to achieve a low resistance interface between the second substr ate and the LED layers. Wafer bonding can also be 



carried out to provide passivation or light-reflection or to define current flow. I 
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D«3 2^C<>3.-/^g■a■$^tfcll^S^?iIS^^^Lrv^5„ 

< :g3t14S®4 2<4 8 $ 

ivicmnki-^m^ thmm 

Xhi>-dK WIM-Cfo5{CLT’b®Je>r* bo 
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LED#jg4 0©ltlS6^?tV'® 
•Cfc5LEDS3 2-3 8 ^ltSr^fi$^ni44:V''© 

t, -5rttl^J;oTftlS*Sr*:^|5B{c-t-Sr i:!ds-e#5, 

MIC, !>a;— /N • >^^XmiCJ:oT3itf:?i|r'> 

$Hfc®V'|S«;5S#e,tv5o ^(O'f^Mzmm^tl^LED 

«stsuic< <*2>© 
-e, M5t;!)SJ; 9t®^lc*t), Se©SW*:&sji;^-^5. 
1^31— >'^|4MlCig*©jliEaJi'fcp-ng 
-g-ia5Sr^fi;-t-5fcJ6lc$iJffibT'tj4<, ^ttlci^TSe 
Jferoi 5 lc^aSr#«tt^-^W3ijKdf '>lc*^-t-5^lc 
i; -r S 

[0 0 3 1] ^xm4^^mi-^t. iS3fixe©3^9ic 
l4SipS©L EDS^^ff;6S#^n5o 4 4 
StCi-oTXlaiilE^gT-fc-SLED® 3 8±\Zj^^^fl 

So ^2«ffi4 6 2±IC?^fig$ 

iJtS. :l©»-a•'bil*;5S^v^e,i^S;6^ ^nic|®;g$tt 
St©-ei4*V', 

TfcSo 

[0 0 3 2] S^Ic4-oXI4!)';.i-^n- 
igjE&-fbi-5fc«)lc±fS©Xg$:(^E-fS.w UV' 

i>\ Xi4i£:'STS;tfcSr i:*SfcS. M;tl4, @54? 
14, S i CS«©j^c^^^«4?’bfoS^2£S4 8:dS@l 
©#ialc^^3i— ^Ng-^^tfCV'So ’t'Jfefc't), ^2B^E 
I4-^&?J^S®E 3 0 2r^*-t-SmiC!J^ 

So ^2S«4 8146 $/P^S;tS Fgiv'j g4?fcSC. 
i::i50^bV'o fieSS«3 0 5:^*-f-SmIlc>J^=i— 
-^■t'SC.irlcioT, 3.if^fafi^^/VgcOLEDg3 2 
-3 8/J5ai6lcJ:o-C5:^f $4b*V'^raiS*<*S© 
-e, 3ga©««6t>*^;ettl4;)cffilc|^±-rs-CfoS5. 
giJ©Milii: LT, /N • ^^©mrlc^WS 

Sr®2S«4 8XIC3^t"^fdev'^7P^*^-frT’b4;V\ 

- ©4 5 *31 }ii^*g-efc;5 L E D 

g 3 2 ©Jlg?fi5-T?^**« 3 0 t«t«l;tStl-S®i:#IC 
^«LTt)4Vv 

[0 0 3 3] SIJ©HM^-C?I4, 111 1 ©g*l4S3ttt, X 
l4K)tKf4©^*S«3 0±-t?^S§4tSLEDg3 2- 
3 8 2r^-rSSe5fe?^©«at©’b©-eJ:VNo 
5©*:n-xNg^g;c45m2SS4 8(4, 

— (Fletcher) (fi©3|eB#fF!^*S*® 5, 0 0 8, 7 1 8 
#Sr#ML'CSu34Ufc®isE4£S*'f V Ki^g©4: p *JP 

v\ ;S3ti4©®i:*S5o Kic, S±g ©^2 

s«4 8^g-a-ufc^, 3ti»sjca&tF/x(4mjfEa:i!c# 
ttS:lR]±$'^SS*:i»S, 5n©^SSS3 O^^^U, 
sij©ffitg[B]±s«^s t) ©«jg©aa5ic>)7ic-ysg^-a-r 
SCtt>WI6-CfcSo 

[0 0 3 4] MIC, @l©^TI4^«^;45e<, |g«© 
;is iS^ $ 4xS ?63S)^©@)t14g ©^*S^5 3 
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<0 Siv^S3t^4s«s^ !? r t am'^ lv\ 

COS)tttStSi5#®^®ffiV'gm bfc L E DStCl a: — 

^®^d5<g;V'ig3ttt^<?3^*<7?0tIX«:=^l::LEDfl| 
iglc t; r t i 5 , 

[0 0 3 5] i^illwUT. »»Cltt<D-^65fie*SffiSr« 
«^';JSJ:!5ii5V'ffiJl5H4SSi:«#^xT'biv\ ®J{ztt 

•5 w t 

-e-ST?fo55. 

[0 0 3 6 ] $T0 6 31 — /n • 

-< >i^nm 1 XII® 3 cDf^md'<o«jtsr^stt'ft:-r5fc 
^<<DA\^^i 1 I -vy-^^ 

■c. S^(0fc5#HM-^f4^^^-Cfc5, :L(DJ:yis:ys 
-fbJClioT^i^Off^COA 1-g-^I I I 
-lr/VS0?LED«3 0-3 8S:-grtfLED{;iff®tt<0;i^ 
t?KSdS^T^>::idSfc5, 0il4«. 

+ 1 -^^^dSil5V'4:gi5<D^6it®-Cfc5 

LEDS3 A1-^:^« 

<D±^^^A 1 ^:5)-©'^^^isisv'jpv'. s?fei4. mm 

• :3?vy-rvy®i:«§:^x.tb(4. 
E^JhT^^o ^!lx.»4. !>3 i— • 3j?:^y^- vy® 5 014 
GaP-C*4V'. 

[00 3 7] S3 ^wxj^^m-r^ t. »sts. 

«4 2 1 LED«5t4 0 

JS'fk®HJii::j:oT‘f¥:liE-t-5r. t)0s-e%5„ ■pax.(4. >7 

S3tttS«4 2<0±®(C»V' 

LED#5t(^*TS<OLEDg3 2 r t dST 

0 0 0:^vy;^ 

4UV'. 3gjE/£®gtK)g;^Srlt«:-t-5fc«>f;i»4g^O^-? 
(S«)5^ffia»4. LED«3gt^®tt. @)tttS«4 2 

2)0 ^^i4-g-^-ct>. ^^^-C?t4v\ 
®;45aTS</>LEDg3 2<7>«atg^M$tv. Sttt4B 
SSr±#Lm«!:a$tu2)o f^«!:Sl;i4-oT;&Jg.{t;$|T. 

-fk $ i& $ 4x 5 o 

[0 0 3 8] y^^i:-;Jf7^g-g-(c45V'T. 

-054 pir:. 



JO 

»il 4 o TS3t14SfficD LED 2>-i:asM4LV' 

fcb^o S7^#fiS1-2) i:. :if75^Xf4S i O 2 . XI4 
5 2 Sr^«^4, 5 4 ±(C 

T. EStII-xE-<fcllJS^j05#-g'(7>4p{cS>^i.t^Jg-fk^J® 
5 6i5#^§jx5)o S>5V'(4. XI4^rtUCjPx.T. LE 

Dmm.4 0 (oMTm<DLEDm 3 2 ±izmmRxfy'jL 

5 8 {::/''• ^ bT%4V'o CIO 

u t 4 5 

— VJgs£$tv2)i£:v^i5fc2). 0C(Cg5 2OS®d5 
®«STfc2.LEDg3 2 0*®i:^$tV. «iSfc:4 
oTgOFa05^i-/Ng-^;JSJ^^g$JtSo ^i!ta»C4o 

[0 0 3 9] ^Xm8i:^m-t?>t. BUx&OLED^it 
4 014 5 7-6 0fC^?=—.'>S'&i-5C:i;;dS-C#5o. 5 

7-6 0^4^c:-eT;tr{c:^fc#^$^^;t^tlS. XJ45fc{csit 
§ixfcrt$P)t*ltr®lt-rSo Slt«::4-o-C^«o^i^W 
bti^o 5 7-6 0f4S«6 2t;i4oT&3i(c 
XitSttSo )t^»4S«fcf!iai-5Hir{cSlt^ixSo 
•C. »«03t^#ttf4H^is*v\ 

[0 0 4 0] 57— 6 0 taS6 2f4LED#3t4 OIC 

Mjc5 7-I4^tf 

e>^oTV')2)t)0-efc4v'r. tice*$tufcV'o *;E6 
2$rJ^^i-5fcOIC'>!J Ga A s XI4H«loS>5 

ao^!|sfSrffi^-e%5. Xf4ii5mMT 

T’tbf^§tv2)®'^. -ne>o#iisFo^od\ ■fiaJ4.t4S i 

«SrXlci^Ji$^2) d tasTt 2)„ 

[004 1] 5^=:-/n . vyxmSrfiJ^ UT® 

gLED3g«SrJ^figt-^r i; t-CtSo C104 5Jfe^i^ 
»4S9f-:^$tlTV'5. ^#ffi)6Sig®^iiLTiSV'^® 
^;dS^i^$n5 4 5>fe^#ffiT-fc5^-a'J4. ^ISoLE 
D«it4 0 t 6 4 t^51V'{::S^-e^. J.o (Xf4) SU 
Ogtg-a--C*#5o ±l350LED«3t4 0OLEDS3 
4 t 3 8 0h-lf:^y0?^y;{4TgC0LED«jt6 4 0 

mroR-ae 6o^-ixyixo k— 

5o ?e-o-C. XoOLED#it4 0 i: 6 4 i:J4|^Cffitt 
TiattSitTVNSo MIC, '?aIW^^-g^§^^5«®^4® 
tbXMK K— t':^:/$tv2)4 5(c!i#$tv5i£J>S^sS> 

2.0 -04pIc:L-C. «3t;5SSVNlcS-^$^x2.^(-. L 
ED#3ttj»0@tt4r^-t-2.*< K— hV 
2im^^ix?)o fo2)V'J4. 

$514. Cl0g-a-$50®W*®|;i!?:x-yN • 

S^^fV'oo. LED«5tO-$i5i: 

S$-1tTt4V'>. 

[0 0 4 2] B9 0g®{4®-«0LED«at4 OS.G'6 
4*SJl:i&-lS)icX^T5*.$tu5 4ptc:. ±$i5«®7 4lcm 
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JESrSlJPL, T?35«li7 etcmffSrfPiPi-SwtJclio 
T!liIf^$^^5o 3S3tttS«7 8JiO 

-l'r^{4*< K— 7 2tCjS5 
/^-YT^Sr5P;t. ^i^^ci:oT h 
Jc-rs. CiroiplcLT, 

JC'(£E«?5^«>LEDSrSV'{;ia®i-5wi:iS-Ct5. L 
ED«it4 OS.U'6 4tDa®d'5>fig;5LED^«{4. ^ 
JtdS5lV'l;i®Jl $ -<r L E D^agCD 

tB«l®T?fc5LED® 3 6 i:|g lo 
mme 8 t i)S|^ Elicit 5 E t 
iig-ci4)fev\ bd'L. mmm. 8ttm^ 

©LED«3t<^»cW^^/v=¥J;‘P fc;ictV'ai4L/wdf . if 

fcv\ 

[0 0 4 31 LED(ommzmLxBM<om<om^^t/ 

5/wSrS;t-5^^^*:-Cfc5„ WF^ 
•C#5^t’iPH;iJ4S i , Ge, AlP, AlSb, Ga 20 
N, AIN, GaP, GaAs, GaSb, InP, I 
nAs, InSb. ZnS, ZnSe, CdSe, Cd 
Te, SiC, XI4±IBO-a-^05^*(Om-a^i5-^^tv 
S. rtf 

16 05 (c 3 :. t' ^ ^ -Y y Sr #J0 b cfe t. rc> T? t> 4 

V\ 31 If ^ =Sr Vir yv^S« Sr#DPi-Saa f4«aj;t «S« 
SriS«)5fc«)-efc5. >73i-yN^-a-S«(4^T?, — ^ 

1 t t)Tt5„ X 30 

2 /t m054 9 SEV'mt!’^ df i/^/Wg-efcoTt) 4 
V'. ^co^> C0?4 5*gdS!>3:-yNS^$tv. 51#!^ 

V ^T E $ tl 5 . 

[0 0 4 41 01 

/^ 1 2 6 as, Ji$|5cd^6^® 1 3 0 t , 
iSitl® 13 2 4, 134 4a»t>figSLED 

«3tl 2 StJicJ'i— yNg-a-$tv5HJ£M^:^bTV';5, 
LED«it(4S«l 3 6±-CfiS;ft$-yr5a>, X(4, S« 

1 3 6{C^^3i—/NS-^§tV.5E tas-C*#5. — 40 

2 6 J40 5 Sr#M LTSigg L 
fc4 5 K5'T74V'as, EixJcISJSStv 

2 6 »4H 1 (omm t LTWT®^B 13 8 14 0 

S^?r^(t5Ei 

{c 4 o Ty-s ii' — 17 = 1 -y^as L E D« 

3t 4 ^-g- ^ 1^ 4 3t^6tl#tto3JJ:i^as|g 

'fb-rso 

[0 0 4 51 01 l-ei4, 

I— y^l 2 eaSLED^jtl 2 8(D±ep<Oii6it® 1 3 0 so 
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ys^-a-$ jl^TV'5. 1 4 22S.U'l 4 4 

AaS/^^' — y^l 2 6 <y>±SP^ 
®4£Si 3 

4 0{4^?l^’fe)U<J4^ESSr?^ 
fi£i-2). «ffil 4 2l;i«ffSr3JP-r-5r 4tc4oTLE 
D«5t 1 2 8 (c«aKa»#ili-53is 011 (OWSEo^Mix 
o^i^Ppas^i-4 5 (;;, 

*V'. 

[00 4 61 

011 {c^Lfc4 5 
l;i4oTLED^g0^^aSf6Uib, 
v'cfrffias# 

[0 0 4 71 SU';^a«5' h • ^5 S'^054 

5 *^r<ofife® L E Dise t KS^ $ 4 o 

TflJy^a5#e>H5o @1 2J4S;K1 4 6±{CLEDfllag 
1 4 4 b • 315 5 ^^ 1 4 2Sr^LTV' 

5, g^l 4 8 4 1 5 0{4!>3i— /N • J}?V7 ^W 1 

5 2rtlCJ^^§i^TV^5o LED«3t4!J'3l-y^ . 

4cO^I?-B®^?i^f4, 1 5 4S.T/1 5 6 

txfcgJS^aSK(-4oTS;5»-i 4 8 4 1 5 0 4 oral:: 
tt^ftSAtSl^as#fetl/5o ^^a>s' b •3i$y:5'142Sr 

o«JEogffiffl 4 ?t^t±l;^)asH^ bv'o gFa^SUlfeM-C 
14, S;^l 4 8 4 1 5 0l4^-Og)t*S?|^oM*5§II5J- 
xh*)s wO^JHrt-ei4F*i@as>f*ofl;g®aAllJicSr?^ 

[0 0 4 81 > 73 ;— y>Oy-s^ 
“>'?^^I4, LED®a^fe;felt$4xfc)tiSI^^B&«Hcs: 
lBlR]-r5;i4l::t^iJ|rf(J^t?t 5„ )tllOSiHl^l4ig 

•to— -eajaSB 1 3 LED®15 6AI4 

±® 1 5 8 4T® 1 6 0 4oPfl|::^^$tvTV'5„ 
ei 6 24 1 6 4l4S^ffl|-r?c7:nWN^-g-$bl,5. «JfE 

4 5 ic, 1 e e , 

1 6 8Sm 7 0l4«ffil 7 2a>6>^:9-|;ig|4xfc?a5«i5:l:i 
ua^b, -t 5 bJ^4ltixt4«®l::4oT®ilZ 
$ti.-cb^ 5 5t*ltrWIBfB]i-5fcftlc, S?®I4®@|C|4 
5te4MC3a< IC&5, r.04 5lcbT^i^|icW0[BjJiSr* 

m.'^mxh^o 

[0 0 4 91 ®ffil 7 2a>P>LEDSl 5 6 A^O«?S 
0^ai4^^-a^^K 1 6 6 , 1 6 Sfi.U'l 7 0IC4O-C 
l5 4>b4’i^^$ttaiVNas, LEDSa'b03fei«6l4jKS?$ 
4ut. Jt^OffiErRll4#^-a^® 1 6 6. 1 6 8, 1 7 
0 4pg-r^g4offi^^o^o^;^4 bT^i*51bO 
■efoSo ^ffloi|4-^t^o®^^i4^3-c4< , —:^^m 
rtO«Jlf¥f4;^14?fo5„ 

I 4 ^^flsi 7 3 i— y^og-&:^^felc 4 o-cfe;&^^^s. 

^1-14, g-^l4H2 XI4PH3 O 4 p 4> 
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5. ;iOJ: 5 Jfc5C^$:«^2p^JESU'^-C«®«)T 1 ic 
j£V'S^^^WLTV'5o 

^#V'iSx 

10 0 5 0] LEDm(Zy<^-'^B^^tifc^m^<>=. 

^tiit. Xli^ix*V'»ElcS^-f'5Buf-LEDSco— 
oi£/'?^— @i4-eia, y<^— 
V?^fig$tl.fcLEDS 1 7 7 6 *^JtTV' 

So 7 4«a^3:i>f,^t' 

xfi*«i8 0T 

{-<a:E-r S L E DM 1 7 8 {;i !> $ tvfc t ®-e 

tiV', 7 6(?5?^fi£{C§|#iggV'T. 02S«18 

2 — ^ tltz L E DS(?5±^® {C !J^ I— 

-^SixSo foSV'tt, LEDS 1 7 4S.U'/X«I|2S 
«i 8 2{;i>'-«i?-:^?^^b-CfcJ:v\ Stc, 

— :&• ^ — ym^ $ Jtfc - oros SrS'J® «:: !> a: — 

-a-L, j5:{il-0CDMS:LED^t'iJ'^'>^/WM{C!j7 3;— 
r t t'^|g-eS)S. 

[0 0 5 1] OST^Mi-St. m^l 4 Oli® 

2 6 In 

gE-a-5ttS!>3i-^'ro^®(CxN-^^ — 

•rsfcjbl;!, 

UTWS i:, 

ats p - n ^a-as ^m^-r s fc :t 

ym^^. m^^^£'<:f'~yvmmm'[tm^sScSxi'im 

H^l. 6 V$jV^ ^tiH^'y^y^ i: — y-N • ?}?V 

[0 0 5 2] > :S^y7^^ y 

^(DUmi^n-G a P£^irmFSLX^t>tifzo -'<^~ 
yit^fltzn-G a PSffiiiS^igi-SS^ffSrffiV'T^'?^ 
- yj^^ V ' n - G a P S® td^-a- $ ilfz, 

y^^tiitLW&L\t.mMt^m i 7 5 ^ m-ca?$ 355*5 1 5 
/i ^ V S :i t (c i o -C?^4fe $ ti- 

fc, S^l±l 2 5 ;xmfcltF^PIiS:PgTe>nfco ^<nii7 
tn^mxm^(oy<^—ym^^mM,\-cm^x^. ^a-w: 
S«Sr^HT?a 

*54 0/tmT?fcSJ:!5/J'$V'a;?3^'bllK$ttfc„ 1 0 #x 
{C^t?i|®/J'©0 Sr iStfS r b t^SlT-fc 

Mlc«iftro^iiSrW|glcU. [^^Id^-a-StT/i^CV'S^I^-e 
«0®J!Erog(ctb^E5Jt-fSi5(c, ^^-rs&WSrfiJ^L 
Tn — p — vSa'ffi*??, ® 
^SStiSSffiVNG a P - G a P^atiit^Snfc, 

[00 5 3] Sl^-^COiia 



14 

mi 5 fi— / n 8 0 /Ng-g-SriS^-f-^ 

fcftO<5^^<7?^gS:^bTV'So —M<r>ti 3L—/^\t.%i 
<r>m^nU8 4 irJtBLTV'So ^ 1 

2<O^mH0. S-YV^XO. 8'fy=^X$> 

S = ^ 2 m^mt 8 6 1 Hl&fflStt :5» h ^wt htz&m 

'tio^y^y 9 0 SrS^^-f-S^fiCfitc^t 8 8 Sr«x.TV'S, 
sv'{cg-a$ti/S— SsF<o»>3i— >'■'8 0(DW-^^yy—'y 
— B^'yj» (miS^-fr-f) Sr 
j#f^lR«« 8 2 lci2^i-s c: i: :5S-ca S. 

10 [0 0 5 4] ^1 ir^2ll^Si5#8 4S.U'8 eSr^lBa- 

fc-at'vg 0 SrfiJ^bTga-Lfc^. T^yyi) 

A^;^{c^A§ixSo 1 . 0 V y^—y'^(Om^(OH2 
#H»-CiaS35S8 5 0-1 00 0‘C:i-eJi#$n5o M 

5 0>^v^Ll^raaf^^^!.s$^vs. 

<o 

[0 0 5 5] JP^4>, —M<Oi7z.i—y^8 
So JEiii;^Jtt:S^«9 2<Dmmm^m: (5. 5X10-7 
20 /'c) b. mi bm2Mi&^^8 4Rv^8 ecommssm 

m: (8. 4xio-6/t:) i:<D^lcJ:oT^-rSo M 
ic, 0(^^3ft«|^ (MxfiGa P(D»a-H; 

5. 8xip-6/*C) H^§S-CfoS<?5-e, ffiSI;PS:Hl;:. 
ffiii-rSo -h#Lfc®^T?, I I I 

S i: S V ' tcJiR*: LT 31— A 7 -55MIE $ tvs w 
.i:ic$#-rs. 

[0 0 5 6] mi Sco^^'-y^ • Ti^y^^y^^mizm 
^ 31— /^ 8 0 tiff LT y=^~y>mmi^ 
30 f>f5tvj^sj^t!fesr^5feu*tttvti*e>*v\ wmm^ii^ 
n-mzmMmmtzx^xm^^ti^o inx g 

ai-x PXU'G a PT?feS«a-fi.C^^lift^S5tCti 

sx5^^i/$tvS r t tc ioTl^^^tv 
So zc.-y^'^ir<r>'^^ 'J' 31 — /^tl^ 6 .S^(ONH 4 OHSr 
M;*-r Stci?)lc !> 31 — tw«> 5=*tv 
So s-astvs*®ti1t>'y/wd5^;?y — /V4»t;::fcs 

Ffl^ g®4^®lc$tvCV'So 

[0 0 5 7] mzmi&EX\f^^yx.'-y^8 0i)^hy^^y 
— /W;55^*$tvSo <J-3i 

40 — /n 8 Oti^T ;x;tjl:iJ;oTifea-tltfii(-eit> 

fctvSo Ld'L, • 17— ;^tciSSa-tcii 

, -ISlcfflxgO i 5 JfcL 
E $tvSO(^5E5t*^«1436S^fctv 

i5;v\ seoT. Hc:sij£7>0f$:gia‘dSifi:>s-efcSo -tr-o 
mi 5<0!?3 i-^n ‘ 4?i^^-<:^^^iS«;d5^ffl$tvSo 
[0 0 5 8] TIB<75Hi^(?3®a-, !? ic— /NfiG a P : S 
(n-5 X 1 Ol7cm-3) (OSS [ (10 0) + (11 

0) < d :^[^\ z 2 ° , xii (10 0) + (110) co;5■|^g 
tciOMir. (GaAs±-0 ^*-arLfcfcff$2 5/i- 
BO (©^tSait'^r^'^Ga PiS'tjf^^^tvfc) GaP:Zn 
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(p-2X 1 Ol8cm-3) 

So GaAs :Te (n — SXlO^^c m~3) _ht?^JR 
(MOCVD) it 

m©Ino _5 Gao. 5 P-Te (n — 1X10 18 c 
m-3) , fi.tmOCVD{CJ:oTGa As±-CfieS$-& 
fc I no. 5 <A 1 X G a i-x ) o. 5 E 

GaAsS«« (11 

0) C0>b^|fi3lC (10 0) +2* coEl^-Cfc-ofco 
HCL : HN03:H2 0 (1 : 1 : 1) «f»-ec 03 i 5 , 9 =- V 10 
A u G e tt. R-dXxii p u Z 

[0 0 5 9] ~o<o 3 :— /-x • s.'— 



/N 8 0 ipt- 

i? 3l-y^<D«B(0^^ia•t?fcS r h ;6S WIL^hJ 



? Jc. &jg*Xgl^,j4!?3 :— /n:^7^H4 OJH 3 ? 

^^8 0;65;>' 








xsds-^^tvSo w^^e><oxo(Dxsic■&i^^^s^^IiSw 

HF : JK,-Y;^->-zK (1:1 
0) 2fe{cBa>f;«->'7K-eS^. N 2 T® 

$ -ar;t »J (^^sxmom 1-^-^ $ ihtz. p 31— t Jt® 



^n^o /N{4n-?g 

Ga PS®i:, (GaAs : T eXo) n I no . 5 
Gao.sPA'fc^Sfcro-C&ofCo SU<?5*E^aXSO 

>>31— ^Ntt01 5<01>31— ✓N- 

>>3l-/•^«|^^^cl 0 0 o'C-ei^W 
^^aa^tvfco NH 4 

3i-^Nt^»-g-, mgtc-®E#(4{cicTi^ffltic. im&} 

HF : iKi-f :^^>7)c'C<0^ 
«5^aSSixfc!>3i— g'g-$n.fcl>3i 
ri^Hj 

Lfc. r (O ± 5 o(^ !> 

= — S fc gijro 31 -/N^^ $ 

■-- i: «gli:SS^a § S JC fifF^ $ V \ 

[0 0 6 0] NH 4 Oii-:l-if J—zvycX^^m^Wit 
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n -m I n G a P $: n -?^G a P fC^-a-f-SS-a-, 

fcSt>«Z)t%X fetus, NH 4 OHT?3ist^>'^L. 
:>y-/V-CS#\ gM*tFlc:N 2 T^jSI^-^SJ: 5 *SiJ 03T 
^®iaS-e(i#^Sii^ttiS^DSo ba=>L. (n-)^G 
a A s : T e XO) n — I no. 5 Gao. 5 P^ (Ga 
As : TeXco) n-)^I no .5 Gao . 5 PirS'^i'-S 

fcfedi^c^Q-ssrtTofcs-a-. 

Cfco I no. 5 Gao. 5 P 

(±®^)-CS>S:5S. G a P*>fe®?'ft;'^Sr^T^*-rs:i t 
I4t?t3:cv';i i:l;iJ;S-efcS5o i: LT 

#;tfetuSSiJwB?^i; LTIX I so 
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S-a-#ttdS|^XLfc:ii:*sWfetiSo • 

[006 1 ] ( a ) n -J^(D I n 0. 5 G a 0. 5 P l:ig'a- 

$tt:^n-®W I no.5 Gao.5 P fe * < StBg-a- ^ 
iu^t>> 3 i— (b) n— J^cOGa Pfcig^a-^tufcn 
—J^<r>l no .5 Gao .5 P:6'fe^5@#:S-a-^tVfcl>:n 
— /Ni:©itiS'dSt£§tvfe. 3Z:^ro*a(^>!>3i— /Ni: tFfM 
om^6^g^^#^4^:^r-r s !> 3i-yNig-a-:6S#fetv:fe, b 
(a) 3L=3jf— 7 (On I no .5 Gao .5 P 
/I no .5 Gao .5 P<^S-a-t4, (b) 3L=.jjf— 

@<Dn — )^<?5 I no. 5 G ao. 5 P/G a P^-a-i: JtlSSb 
TB#ffi-e*b<(svNgstsr^bfco (a) 
mnmi. 5^—M>vh*). (b) 

A-Cfco:t„ (2 0 X 2 0 3b 

SV'IX Sfet;iSit)(g;V'I no.5 Gao .5 P/I^o.s 
Gao. 5 P‘^^-^fi> 1 D 0 O'C-ca^^tuS I no .5 
Gao .5 P/Ga POg-a-iltliELT, *<)9 7 5‘C«OJ; 
•3 {Sii.-e^>3i— /N®Jtic^^$:{;::i;oT)^f£WI 6 -e 3bS, 
[00 6 2] LED $ ttS 

/^ • 5}?vr-^ I b 

V';ii:5r:^bTV'So i: bXWil*— 

tbXB:, ^^^if:!>3i— /^cog-a-XSOF^, 

SG''^®^lti{cJ:oX#i|sF;isS^ 
^IBXfcSit^iiSWfettS, I n^:fir^:9-|;ii8:ii>fett 
Sg-a-Oli^fX GaiS^iitfebX I 
lljS:dS;i;<^ X<x G a P tJttSSbX I no. 5 G ao. 5 
P< 0 ^®^«)#tt^s®i^XV^Sig;l|i;bxa^ bVNfeO 
X3bS, HlJl, AlGaAs-GaAs-InGaAs 
«)tX{m»S;&sii:l!j«)ii5V':ii:i5^fetuXV'S. mm 

tc, I nt4Bti!>3l-x^ . 

XfiGa Pi-a'ifebX. S-a-$tvfcBJ^®CO^aXI n 

X Gai-x p (x<o. 5) 

5. 

[0 0 6 3] I n-^^fife:9-{CjPXX, -T* 

t>-feM^o^B^i!)^«5iSv'c: 
^ttoi^XtV'S^ttSrWrsSiJro I I I-V, xr±I 

I -V I ^^tt@(:^>>3i-^N • 

ftJffiXtSo «FoX. Cd-g-=^, &T/Zn^ 

4 p *ffli^X<35XS/4^MX3b5o 

[0 0 6 4] ^~r 

Bl 5<D'mWi 

rtxi>3i — /^8 0 Sr^®!ai-S®'a-®ii^5t*X3bS. 

01 6»4XoroS*SM^^:^ff^^bXV'S„ X$i5©S. 

a^ttPXfX 10 0 OXSXO? rffi3g;^cj mm (t am 

p) 1 0 0 OX^X 

<r> Ti^jicoj (aM:45;g^$tvXV'S, ^ith(Om'kh. 1 0 
0 OXSXdMbfc^^tc 1 WF^O^JQ.aiS^Tt3tuS, B 
§ tiXV 'So 

[0 0 6 5] TS50 (®^lCj;oX-^»ci!3 

-a-:&s^-fSo ffiifg 




■w wrv>“ow^ou/ 



X ^ s .— y ^ • & 5 SSCOSS 55 - 

«?, Htc. ;i 

r ® 5 ioj 

V'Cl p. L:6^L, r©f^^{4n 

i: n -?^<o I— /NCOS-a-<o;i/t(;i^«) fcttS t> ©T 
hio :i(DXoti:m^it}tp-mtp-m<D’ir3:.-y^<D 

[0 0 6 6] n — ?^<0!?=.— y'Nj: Dtp —M<0'^;zc.~-y^ \ 

^@sF^(??efiL®-a‘o;fe-is^a'efo-5 r t b .. io 

p — G a P t p — G a PK>^ X^ n— G a P 
in— Ga P(Di^ 

3!J::S-«o^'a-i 10 0 o'CT^f 

n — p —}^iz>W:^(o&'^t 

L*»L, g-a-efei«i2 
X 1 2 5/PCD5^3 ':/<^S-§‘x Ga P/Ga P n-J^a. 

= 3 jf -7 • ( jjj ^ 5 ;^_^) 

GaP/GaP p — ?^.3 -=jK— 7 

-a- (0. 9 :^— J»7|c}«) O;^ds±lif^{g;d^ofc. n-J^ 

K— h t itm LT p K-^-«— 20 

iiSV'r i: {cioT P 
^L^V'r t 

[006 7] ®1KSG a A s «5tSr^*L, ®3t14G a 
P £® S: Ino. 5 (Al^ Ga i-x) 0. 5 P L E D Ic 
S-firiJai— />g-a-f 5r.tlc:<toT. 5cO®i|RttG a A 
s fiSiSaS^a Lfc^^Ol^ELE Date t JtiSE ET^ 

2f& ^:V^ 5 3ti»W;^jco®**i^±:6SiS^Stv7co 

[0 0 6 81 01 Sco^'ai— /N • 

SKgitPl? :^C<jESS^SrJP;tS w t;4S"C#*V'o "T^ty so 

i>. ::(Dmmiun<ommm(omMi: i^xBmt>=t±-r 

5<DT?. 

mi 7& v^mi 8 coBifS ::^ i ^ m^^tirco m 

1 7{4SJ^:^F9 4(^±ffi0=S:;^bTV'S. 

(01^3:— /sSrff«g-t-5fcJexD-0(^5m^§i5*t9 6XD'9 

8 5r{i;tTV'5, — oc0li^lfB#9 ecofiia-a-^p^t'V 
1 0 0iSSUom«&SW9 8®/ 

[0 0 6 9] m^^a5W9 6S.t;'9 8I4 ;*c^*F^ 1 0 2rt 
l::iafi^^^TV'5o te:&-olli&ia5#9 6i4m^gp^cDail « 
^MPlfCl 0 8rtlC#l 0 6 tJcioTjD. 

^n=i 0 2icssrbT@^fi;gt^feSo 

9 8li*p^;^l=l 0 2rt{C^li)^|g-Cfc5o m«&gI5#9 
8C5MagCl 1 2p^»Cg^$tvfcWl 0 4{cS^JEl:fA 

W'Tfil 1 oopiieicfes— ^(0!?3 i— 

2r;!)P;t -5 i?) ^;l^^a^J^9 $ ^^T V ' 5 o 
[0 0 7 0] 01 8Sr#ffi-f-Si:, -^co>>3i-/n 1 i 
2RX/1 1 4f4^«]«^@l$HTV'54^®d5^$4x-CV' 

5o 0 1 9 y'^ i 2 0 AS so 
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S^Ud=>fcgML-CV'5fEl i:M2|IS&$i5«-l 1 OS-U^l 
1 8 5r^LTV'5. 01 9<^*i£'pt|ds^i^$jx, 

THJfet?t5:ii;S:^LTV'5. LTORl 

*Pff;^(0^#f±!>3t— yNi 2 0W^Si:^SrS/WS(c 

-r^-h-^S^-CfcSo 

*V'iaST'iSJE$r*P^5 w t lc®H-t-5 r t iSfoS. 

[0 0 7 1] !>3:-/^1 1 2RV^1 1 
#501 8(©*J6^(4. !73.-y^SrS•a'i-5S^r^^:!^^3l— 

5V'I4, g-a-§ix5-<#«®Srfo5SS:$>^i-5;ii::SS 
MSLV'wt tfc5o 0i8«oHJS^jf4r:coJ:p;^^g'a- 
^{Eit-r 5 CD -e fc 5 . 

[0 0 7 2] giJ<D^li14i: LT, !7 
4^?rS'JiB»cSlg,D. J.oSffi^As=¥^yyx»iP^-V' 
y T-eSo T^nm-hSg{l2i-5 r t SrESlt-r 5 w i; fc 

©Mt^iHgccHi p. =¥ir s'7"{4»>3i— /'^(D^Bg^^S: 

S'7'SriS##ti-fc!>3i— xNfiS 0 0‘GSrS;t5MSfciP 

J5c{c^>3i— yN{4ifjE$ 

[00 7 3] SIC, ^-a-tplc K— 5:0 1 7 O 
A^^^l 0 2 5riiLTiEa$-^, ®-a-$n5^#ffi-CO 

H-;«fA|c|4H2 Se, H 2 S, DE T eS.U'DMZ n 

bfl^ n -Jg^-a-lc t oT#lcaS-Cfc5. 

[0 0 7 4] 01 7(D^lt-^9 4ICioT01 8 CD^g 

x , a .^ wxh ^ x<o yN - j }?^' 

x^V:/(D?gfigdS^tg-efc5o iU[dSg:V'Ctlc±oT 
31 f<? drV Y/^L E D® CDSI^i^iE-a-iSS/MSICflUh 

$ 4 xiPo X < omWXh ^ M \^. saigdsev'C i : lcj:o 

Tigg<D«rt-CcD p - ng-a-g5(D#*j:iS*/J>®|e:ft]ihS 
^^5ri:•Cfc5„ 

[0 0 7 5] LED(D^^?iJ(DfcftcD!J^3i— /^ • 
:^:/«^)SlcSiJ<DfflaicH, l7=-^><D«ite6^, ^^3^69 
5: l^±-t-5 :fe fe lc^;fettlC:X It 5 tc®5S 

i;;dSfc5o — OCD#^<D 

^«ajlt, «teJ^*S.U'^t3<D^;^|cHLT III- 
V, xiiiv-i t-is:ic^;£ttic>:}t5 

t ^ bn^l I -IV LED ^ 5 g ^< Dffl 0 -!|- Cfe 5 o •?: 
(DMMs L E 

Xlt-::^5:[g±t- 5.tc*lc I I -V«|c®5fi* III- 
i cateSr0#:!t3i-/^ig-g-r5Ci;iS 

M^bV', 

[0 0 7 6] eiiCDi piC, 2jc^9g<D=8-^J6^JICOV'T 
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fed. 

1. mm<D^^mi:^'r?>^)ft^'(:i--h^M o 

2. 3 4. 3 6^^153 8) fe^it 

^ 1 S« ( 3 0 ) ® 1 :t- K 

®Sr§!l5g-t-5wi:dJ;oT^5ty^';d— K*tg (4 0) 
K#5Sfettl6fe|p]±digi-5S 

m (4 2) K®d'J^3i— /N • 

;/-r5 : Kfe®f)g::^j£t?fe 

5. 

10 0 7 71 2 . KS^»[)ti-5ie 

tt. KS (3 2, 3 4, 3 6Xt;'3 

XSTfe?). 

jg;S(4;6>fc5^&^Sr#2) i 5 
1 dlB©feB3t^^-f :^- KfeMit;^fe-Cfe5o 
[0 0 7 8] 3. ^IfeSS (3 0) Srl^^-rSXS 
^ $ e> d-g-tpsulB 1 ^ fclimilS 2 y-r ;^— 

Kfe®it:fe-fe-c?fe5. 

10 0 7 91 4. (3 0) ^^5fei--5XS 

tt. (4 2) co!?3i— / s . jK>-^^:/rd5fe*o 

Tfi^tJtvSxe-cfet). ;ifee^3i— /^ • 

0) ®{0!|®d;S3ttta«Sr!7=i-^N • 
x@-cfc5fltria3 K<oss)t;^ffi-c 

feS. 

[0 0 8 01 5. 5®?^® (4 2) Srl§3fe^-r^-K« 

5t (4 0) d!?!— SXSd. 5^3; 
WN . (3 2S.tJ'4 2) 

■frSdfedm«^±#$^^ri:Sr-^fe. Sfet:SS®V'm 
fe d±# $ § n -5 X@ 

-efeSttJlH 1 Kfe§8jg;5-ffiTfe 

5c 

[0 0 8 11 6. iJ'ai— ^^ • !p>'^^'>':/i-5X@ 
11. !>3i— v^Sti-5JlfeS-^t4Srafi£’^ 
SdfedS (3 22it)'4 2) djE;^^*P;t5^i:^-^tf 
xm-cfesttFiEs di2ttco^?fei?'^;e— 
fc5c 

[0 0 8 21 7. KS (3 2, 3 4, 3 

6 2^^3 8) SrSiitf5X@i:S^(4«-itS|-SraSl-t-5X 

m (3 2 t 4 2) fe^#®dUV'T I C d 

XU^Z n-^W^^fe-oSrS^-rSXS-Cfe 
5St[fS 1 Kfe®)t*-jS-Cfe5c 

[0 0 8 31 8. %3t^^-f3^-KS (3 2. 3 4. 3 

6S.U3 8) 

t:-^6<j^®sats (3 0) Srtant ; — ^6«jfiS:S*te (3 



0 ) 

a«H^l(Bia (3 8) Sr^U;6'0-^«j^*S 
« (3 0) d^-^Snfc|g2{l!l® (3 2) Sr^b. •^^i^ 
dlo-C— ^6t)J^Sa« (3 0) iS— 

^b ; •? iSV'^mtti: 

mifdii(Od^^£< t t)-:3br<l:^-r5^^va« (4 2S.IJ54 

— KSfe^i i:||2{ii®fe— :;&’d!7 3i— /^ . 

b i; ^731— 

T. ^;:^(^rad(g:«5T:gi8gSri^i!g;i-5 :xSi:d^^*5 
KfeS)g*fe-Cfe5. 

[008 41 9 . 

(3 2, 3 4, 3 6Xt53 8) 

(ilffi (3 8) dj§c^^a« (4 8) 
i^^^bfc^d^aSS (3 0) ^g*i-5XS^Ir-^tfM 
SB8 dS2«fe^3ty-Y:^— KfeSiS^ffi-efoSo 
[008 51 1 0. -^6<)^^$^®(D«##l;tXS 

tt. K® (3 2, 3 4, 3 65.tJ'3 8) fe 

20 01(11® (3 8) d^^aS (4 8) Sr!73^-/^ . 4?V 
x^-V'^i-SBud^fta® (3 0) 2r^*-t-5X@Sr'^ 
tffliriss diB«fe^3t^-r:^-- K®S8it;&fe-efe5o 
[00 8 61 1 1. K® (3 2, 34, 

3 625.1^3 8) Xd02^m(4. S3fetta« (4 8) Sr 

-7i>-/N . #«(4. 

tt-cfct), ^tncxox^yty-f:t~h'm^myti^sm 

(4 25.U'4 8) <75Mdi^-f-5XmSrSbd-&tfWia 
8 . StIB 9 ^fcttStFlE 1 0 dfEmfe^^^'t' KfeSS 

30 [0 0 8 71 1 2. ^N^-a-fe^#®-Cfe^-¥y 

T<Dg^Srli5fe5:fcfed^^^aK (4 2X0^4 8) fe5^ 

I-/N . >y^iz y-\f>y • lb^SrgA-t-5 

X® ^ § e> d^tf suiH 8 \zmm<o^yty'f KfeiSit 

:S’fe-cfo5. 

[0 0 8 81 1 3. -^W^sa« (3 0) Sr^^va 

ffi (4 2S.U'4 8) dg#mx.5XSfeHtFdgg(t;SrBSJh 
-f5fcfed^^a« (4 2) 2: ;^-KS (3 
2, 3 4, 3 6S.t;'3 8) < 1 1.— ^’d^^ '.XT' 

40 K®drk^a®Sr'73i— /N . jKvx-f ^'^•fSfcfed^ 

i|S( 7c fe df^ ^ JP ^ 5 Xg Sr-^ tf ®I5 8 dis« 

KfeM3t;bri£Tfe5c 

[0 0 8 91 1 4. {AO) 

Sr)^fi£;1-5fcfed0l5l)fer5^-f:^- K® (3 4, 3 6S. 
173 8) Sr^ifc'^'driXi'/VdfifeS^-a:. :02^)t^-l' 
K#5g (6 4) Sr)^fie;-r57cfed02%3t;?''1'::e— 
K® (6 6, 6 8fi.t77 0) 

■^-.mi^tfty'f :i— K#iSS:0 2 rj— Kg3S 

30 XdaSb : S.t701^)t^-f3j— K«3tSr02^3t^^ 
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'i ^ — >*N • ^ '■yif’t'^ : xsti ^ 

:^- KSra^t-5;&&-Cfc5<, 

[009 0] 15. f(rl2^1|g^^^-r;i— K@ (3 

4, sexy's 8) -^6^J^:ftS^S (3 0) ±(C^ 

SSix. ^6t^**®Sr^^-r'5X@Sr-g-tfmr 

IE 1 4 K;SraSi-5;^jfeTfe5. 

[0 0 9 11 1 6. 

mism 1 XU^M 2 

5i‘5t-^lXy'm2|S)t<5^'f':^--K#5S (4 OXO'S 
4 ) Srte*-&^3^-t-5XieSr-&tt‘WIE 1 4 {-IEtt<o^)fe 

[0 0 9 2] 17. ^ IXU'if 2 4’ :iJ-- K«3t 

(4 0X^56 4) Wco b:^4->'l'S-a-S55 (7 2) 

U , h 1 t ^ 2 ^ 3 ti ?' 4 ' 4 — KMatt 

5XmS:$ fc{;i-^tflulE 1 4 {cfS« 
<^l§3ti?'4’;^— KSra®1-S;&‘j£4?fc5o 
[00 9 31 1 8. 

th-:^i!i^f^iRxfm2<Dm (13 0) (om^mizi^-o 

( 126 ) <7>mi<D 

2 K ) g { i ! 73 iWN • d ?>' x 4 ’^: i ' i '5 : XSi ; i » fj)fcS 

tf^ 2 <Dm (i 2 ex 
O' 1 3 0 ) Sr^-rs^)t;?' 4 ’ ^■~ KSr?^ 

[0 0 9 4] 19. ^3t^4':^--KS (13 0, 13 

2, XU'13 4) 

'> -Y >^1- :i— Ks iz.mm(om,mm^ 

bK^ts 

U1S1 

5o 

[0095] 20. ^1©S(126) cDifl*B5r 

f^KDmimzf^oxm^ d 

ssr-^tfmfiE 1 8 izmm<o^^y.^ :t- 
fex * fc 5 , 

[0 0 9 6] 2 1. mjESrRlJnt- 5fci?>tcS^ (1 4 
0) ttett'g-fc'&LT®® (14 2) 
fS2<DM (13 0) ir»4X5tfiytciEg$tv-5xm^^?f 
milB.l 8 izW.Wt<D^i/ty 'f :t— 

5, 

[0 0 9 7] 22. ® 1 COS (126) tt, 

KSSr)^^i-5 i 5 ?:c«-iisFd'e>51^l$H-5m)IS 1 
8 IClE«CO|g3ti?'4’:i— K<S:)g^i-5:&feXfe5o 
[0 0 9 8] 2 3. ^1(0*® (13 8) ds^5t;5^4' 

K«jg (12 8) izx^x^^&n^^mm<oytR 

■^tj>WIEl 8{c|E«co^)ty4';^— 

$>5o 

[00 991 24. ®l(OS« (3 0) : mi 

(Dmmiz I I -V K«5t (4 0) SrK 



»t :Xy'I I I S i CStE (4 8) <0 

— otri 

i-^;ittcJ:oTl I - V I 

-f-5 : XSi*^b!fe5^^i5^4';r- KcoMiig^rfexfc 

5. 

[0 10 0 ] 

[^M©^m] w±coj;5{c, mm<o 

xmi$«Sr?^^U, rcomiS«-b(cLEDSSr?^fig 
10 bTLED«JgSr?g^L. L EDSf-SJEttWJiSH^i'S 
>'^ • 5 ( wL :/ t < OX » m 

imm\z:3:.if^^i^^ju^^i:^-r^:Ltf£<. mM<o 

t -s l e d fc±s:{c®i 

Zi t ?>tti,\z. ®§gs ir^ftS t <0^# 
fficoe^L^^*/j'Rgfc-t-5 r t 5o 

[niBcoffiWiia?^] 

m 1 ] ;*=^ 5 gt:: i S-^ 6 ^^*S^£Sr^-r 2 )XSSW 

L E Dggcoill® 0X fe .5 . 

[® 2 ] @l<0-^6tl^SS®Sr^*X;tLEDg3tO 
20 (aiiBBxijSo 

[03] Jj?V^4-:^i5^e$lfSr?fJmLT5ct)# 

0 2 (O L E D«3t<Oiffi|®0Xfc 

5 0 

[04] Stl^(i!ltC®®Sr#-t*S0 3cofi|jtcoffl!|®0Xfc 

5 = 

[05] 1731— /'N • 3}?:^x4 jxfcgij 

® L E D«jgcO(i]®®XfeS. 

[ 06 ] 0i(osetc!7*wss-a-*®^®t!3#itfcm 
3 nmMm<DW^mxhi>o 

30 [0 7] 02(OLED#3t(r»>3i— 

ntz.m<r>mmm<Dm^mxi)^o 

[08] ;^?^^X4:^^5^e^ff^-i•oT5 7-lC 

51 t) #ttfc0 2 CO L E D«3tcO(ai®0Xi>2.o 

[0 9] ae§tvfcLEDigecoaii®0xfc5. 

[ 010 ] 

L ED^gcofl!l®0Xfc5o 

[ 011 ] !? 3 i -/ NS ' e -$ n / ci ^-« i ?- VJ ^ fi 8 ; S 5 r ; SV '^, 

L ED^g(O{l!i®0Xfc5o 

[ 012 ] !? 3 =-/^ g -^§^^ fc /^• i ?->'?^^ SS ^ ffiV^S 
40 LED|g*<O'®|®0Xfc5o 

[013] 

LED^ScO<ilffi0Xfc5o 

1 0 1 4 1 31 w^g-a- $ Srm V ' 5 

L EDi£«(O(ai®0Xfc5o 

[ 015 ] ? f :^ 8 ^( OX @$ rm = fTi -?) fcJt ) C 0 i )^ 3 i-xN . i }? 

>'■^4’ Vi/^gco5)^0T*fo5o 

[016] 0 1 5 C0!>3i— /'^ • 

[017] 3t=^?^<ox®S:^=fT-t-?):fc*<oSiJ<o3Sgcom 
B&0Xfc5. 



50 




■rir ”T"u~ow^ou/ 



(13 



23 

[018] 01 7<D|S«t 

0 -e s> s . 

[0191 01 

[020] ?63fe®!ail5H4»«5rW-r'5¥-^Kg'g‘L E 

Disaco«l®0-Cfc5o 

[021] e 
D^fi(O«lB0T?fc5o 

[022] ?63fe£OS3tfe*«%^-f-5 E 
D^BcO<ffilffi0T&5o 

in^<DWLm 

3 0 

3 2, 3 4, 3 6, 3 8, 1 5 6 A, 17 4, 178 

4 0, 6 4, 1 2 8, 1 4 4A 

4 2, 7 8 @3t^4S« 

44, 142, 144, 154, 156 
4 6 $^2 <DM^ 

4 8, 1 8 2 m2mm 

5 0, 1 5 2 t>cn— /•^ • 

5 6,5 8 

[01] 



24 

6 0 5 7 — 

62, 136, 146, 1 8 0 WS. 

6 8, 1 3 2 tlibS 

7 2 

7 4 ±|fi5«® 

7 6 TiStt® 

8 0, 1 10, 1 1 2, 1 14, 1 20 .'N 

8 4, 116 
8 6 , 118 

9 2 

9 4 S^£:^^ 

9 6. 9 8 

10 2 JPI^JpW 
126 

13 4 T^(D!smm 

13 8 T?®«® 

140, 148, 150 
1 58 ±M 
16 0 

1 6 2, 1 6 4 

1 6 6, 1 6 8, 1 7 0, 1 7 2 

[ 02 ] 




[ 04 ] 





■iM' pn “1“ »■» wwfcww/ 



(17) 

[@2 2] 



AIGoAslftf 







( 72 ) 



y U7d-/w=-T!lt|/-«nT/w 

h y • }fy^^ 1043 



(72)?^m^ Vr-^y-T • • n 

y y 7^/w=^r#in;^:i7 h 

^y->'!>S' K • 17963 

( 72 )^ 5 ?# >^B'y ^ 

Ti- y*-^JftB;&y y*)V:=.TWi^<nT)\' 
b 665 




